The colours of the edible part of fruit and vegetables indicate the presence of specific micronutrients and phytochemicals. The extent to which fruit and vegetable colour groups contribute to CHD protection is unknown. We therefore examined the associations between fruit and vegetables of different colours and their subgroups and 10-year CHD incidence. We used data from a prospective population-based cohort including 20 069 men and women aged 20-65 years who were enrolled between 1993 and 1997. Participants were free of CVD at baseline and completed a validated 178-item FFQ. Hazard ratios (HR) for the association between green, orange/yellow, red/purple, white fruit and vegetables and their subgroups with CHD were calculated using multivariable Cox proportional hazards models. During 10 years of follow-up, 245 incident cases of CHD were documented. For each 25 g/d increase in the intake of the sum of all four colours of fruit and vegetables, a borderline significant association with incident CHD was found (HR 0·98; 95 % CI 0·97, 1·01). No clear associations were found for the colour groups separately. However, each 25 g/d increase in the intake of deep orange fruit and vegetables was inversely associated with CHD (HR 0·74; 95 % CI 0·55, 1·00). Carrots, their largest contributor (60 %), were associated with a 32 % lower risk of CHD (HR 0·68; 95 % CI 0·48, 0·98). In conclusion, though no clear associations were found for the four colour groups with CHD, a higher intake of deep orange fruit and vegetables and especially carrots may protect against CHD.
Prospective cohort studies have shown that a high consumption of fruit and vegetables lowers the risk of CHD (1, 2) . Various subgroups of fruit and vegetables provide a different array of micronutrients and phytochemicals (3) , which may underlie the observed association with CHD. Consistent evidence for subgroups of fruit and vegetables in relation to CHD is lacking since prospective cohort studies have focused on only a limited number of fruit and vegetables that were selected on the basis of their botanical family, content of one specific micronutrient or bioactive compound. Previous cohort studies have shown inconsistent results for specific fruit and vegetables. Thus, two prospective cohort studies have observed inverse associations between intake of citrus fruit and incident CHD (4, 5) , while two other studies have not found an association with fatal CHD (6, 7) . Intake of berries was found to lower the risk of fatal CVD (7 -9) , but not the risk of incident CHD in male smokers (10) . Also, two prospective cohort studies have found that apples were not significantly inversely related to fatal CHD (11 -13) . Vegetables rich in carotenoids (14) , tomatoes and tomato-based products, however, were inversely related to fatal CVD (15) as well as to incident CVD (16) . Carrots were inversely associated with both fatal CHD (17) and fatal CVD (6, 15, 18) . Cruciferous vegetables were inversely related to incident CHD (4) , and broccoli to fatal CHD (13) . With regard to incident CHD only, inverse relationships were observed for intake of green leafy and vitamin C-rich vegetables (4) .
Randomised trials focusing on antioxidant supplements have failed to demonstrate a beneficial effect on CVD (19, 20) .
Although this could be explained by methodological issues, such as a relatively brief follow-up period or the use of high doses of antioxidants, this could also indicate that the protective effect of fruit and vegetables may be due to the combined or even synergistic effects of the various components in their natural food matrix and not to one particular antioxidant (21) .
Fruit and vegetable subgroups, therefore, need to be classified according to similarities in micronutrient and phytochemical content. Pennington & Fisher (3, 22) defined ten fruit and vegetable subgroups based on their unique nutritional value and characteristics, e.g. edible part of the plant, colour, botanical family or total antioxidant capacity.
The colour of the edible part of fruit and vegetables reflects the presence of pigmented phytochemicals, e.g. carotenoids and flavonoids, and therefore indicates their nutritional value (23) . Drewnowski (24) found that consumers perceive the most colourful vegetables as the most nutritious and suggested that fruit and vegetable colours may be an important factor in food selection. Heber & Bowerman (25) has suggested using fruit and vegetable colours as a tool to translate the science of phytochemical nutrition into dietary guidelines for the public. The 2010 Dietary Guidelines for Americans recommend selecting vegetables from five subgroups, i.e. dark green, red-orange, legumes, starchy and other vegetables to reach the recommendation (26) . However, there have been no prospective cohort studies to date that focus on fruit and vegetable colour groups in relation to incident CHD.
Our investigation, therefore, focuses on the associations of fruit and vegetable colour groups and their subgroups with 10-year CHD incidence in a population-based follow-up study in The Netherlands.
Methods

Population
We used data from the Monitoring Project on Risk Factors and Chronic Diseases in The Netherlands (MORGEN Study), a Dutch population-based cohort (27, 28) . The baseline measurements were carried out between 1993 and 1997. The present study was conducted in accordance with the guidelines laid down in the declaration of Helsinki and all procedures involving human subjects were approved by the Medical Ethics Committee of The Netherlands Organisation for Applied Scientific Research. Written informed consent was obtained from all participants. Of the total 22 654 participants, we excluded respondents without informed consent for vital status follow-up (n 701), with incomplete dietary assessment (n 72), with reported extreme total energy intakes of ,2094 or . 18 844 kJ/d for women or ,3350 or . 20 938 kJ/d for men (n 97), with a history of myocardial infarction or stroke at baseline (n 442) and with self-reported diabetes or use of lipid-lowering or anti-hypertensive drugs (n 1273). This resulted in a study population of 20 069 participants, including 8988 men and 11 081 women.
Dietary assessment
Information on habitual food consumption of 178 food items, covering the previous year, was collected using a validated, self-administered, semi-quantitative FFQ developed for the Dutch cohorts of the European Prospective Investigation into Cancer Study (29) . Participants indicated their consumption as absolute frequencies in times per d, per week, per month, per year or as never. For several food items, additional questions were included about consumption frequency of different sub-items or preparation methods using the following categories: always/mostly, often, sometimes and seldom/never. Consumed amounts were calculated using standard household measures, natural units or portion sizes indicated by coloured photographs. Frequencies per d and portion sizes were multiplied to obtain g/d for each food item. The Dutch food composition database of 1996 was used to calculate values for energy and nutrient intakes (30) . To calculate the intake of carotenoids and flavonoids from fruit and vegetables, the Dutch food composition database of 2001 was used (31) . The FFQ was designed to assess habitual intake during summer and winter of thirty-five commonly used fruit and vegetables in The Netherlands, including juices and sauces. Potatoes and legumes were not included, because their nutritional value differs significantly from that of vegetables (30) . The reproducibility of the FFQ after 12 months and relative validity against twelve repeated 24 h recalls for food group and nutrient intake were tested in sixty-three males and fifty-eight females (29, 32) . Reproducibility of the FFQ after 12 months expressed as Spearman's correlation coefficients for vegetables was 0·76 in men and 0·65 in women; for fruit intake, it was 0·61 in men and 0·77 in women. The validity against twelve repeated 24 h recalls over a period of 1 year varied between 0·31 and 0·38 for vegetables, and between 0·56 and 0·68 for fruit.
In 284 men and 287 women of the MORGEN Study, Jansen et al. (33) validated fruit and vegetable intake using plasma carotenoids and found that intake of several fruit and vegetable subgroups was positively associated with plasma levels of specific carotenoids. Participants in the highest quartile of carrot intake showed a 31 % higher a-carotene level compared with participants in the lowest quartile. For tomatoes, 26 % higher b-carotene and 21 % higher lycopene levels were observed. For cabbages, b-carotene levels were 17 % higher and lutein levels were 13 % higher.
Classification of fruit and vegetables
Fruit and vegetables were classified into colour groups and subgroups (Table 1 ). First, we categorised fruit and vegetables into four fruit and vegetable colour groups according to the colour of the primarily edible part: green, orange/yellow, red/purple and white. Second, we subdivided fruit and vegetables within these colour groups, resulting in nine fruit and vegetable subgroups and two groups with 'other' fruit and vegetables, as recently proposed by Pennington & Fisher (3, 22) . We made small adjustments in the classification of subgroups to make it more compatible with our FFQ and the Dutch situation. Cabbages were classified according to their colour as green, red/purple and white cabbages. As apples and pears are commonly consumed in The Netherlands and are an important source of flavonoids (34) , we created the specific subgroup of hard fruits. Several green and white fruit and vegetables that could not be classified because of their unique micronutrient composition were allocated to an 'other' group.
Risk factors
The baseline measurements were previously described in detail by Verschuren et al.
research assistants during a physical examination at a municipal health service site. Non-fasting venous blood samples were collected, and serum total and HDL-cholesterol concentrations were determined using an enzymatic method. Information on cigarette smoking, educational level, physical activity, use of anti-hypertensive and lipid-lowering drugs, past or present use of hormone replacement therapy and the history of acute myocardial infarction (AMI) of the participants' parents were obtained through a self-administered questionnaire. Dietary supplement use (yes/no) and alcohol intake were obtained from the FFQ. Alcohol intake was expressed as the number of glasses of beer, wine, port wines and strong liquor consumed per week. From 1994 onwards, physical activity was assessed using a validated questionnaire that was developed for the European Prospective Investigation into Cancer Study (35) . Physical activity was defined as engaging in cycling and/or sports on at least 5 d/week during $ 30 min with an intensity of $ 4 metabolic equivalents. In this subsample, both cycling and sports were related to CVD (36) .
Ascertainment of fatal and non-fatal events
After enrolment, the participants' vital status up to 1 January 2006 was monitored using the municipal population register.
For participants who died, information on cause of death was obtained from Statistics Netherlands. The hospital discharge register provided information on clinically diagnosed AMI discharges. CHD incidence was defined as the first nonfatal AMI or fatal CHD event that was not preceded by any other CHD event. Non-fatal AMI comprised code 410 of the 9th revision of the International Classification of Diseases (37) . Fatal CHD included ICD-10 codes I20 -I25 as the primary cause of death (38) . Where the dates of hospital admission and death coincided, the event was considered fatal.
Statistical analysis
For each participant, we calculated person time from date of enrolment until the first event (non-fatal AMI or fatal CHD), date of emigration (n 693), date of death or censoring date (1 January 2006), whichever occurred first. The intake of the total of fruit and vegetable colour groups was calculated by summing the intake of fruit and vegetable colour groups. Quartiles of intake were computed for each fruit and vegetable colour group. Tertiles of intake were calculated for each fruit and vegetable type. Hazard ratios (HR) for each category of fruit and vegetables compared with the lowest category and per 25 g/d increase in intake were estimated using Cox proportional hazards models. The Cox proportional hazards assumption was fulfilled in all models according to the graphical approach and Schoenfeld residuals. To test P for trend across increasing categories of intake, median values of intake were assigned to each category and used as a continuous variable in the Cox model.
Besides an age-(continuous) and sex-adjusted model, we used a multivariable model that included total energy intake (continuous), smoking status (never, former, current smoker of , 10, 10 -20, $ 20 cigarettes/d), alcohol intake (never, moderate and high consumption of more than one glass/d in women and two glasses/d in men), educational level (four categories), dietary supplement use (yes/no), past or present hormone replacement therapy (yes/no), family history of AMI before 55 years of the father or before 65 years of the mother (yes/no) and BMI (kg/m 2 ). In addition, we extended the model with dietary covariates, including intake of whole-grain foods and processed meat (g/d), fish (quartiles) and mutually for the sum of the intake of the other fruit and vegetable colour groups or subgroups. With regard to the participants enrolled from 1994 onwards, we evaluated whether physical activity was a potential confounder ('active' being defined as engagement in cycling or sports of $ 4 metabolic equivalents). We calculated the HR with and without physical activity in the multivariable model.
According to stratified analyses and the log-likelihood test using cross-product terms in the multivariable model, no evidence was observed for potential effect modification by age (, 50 v. $ 50 years), sex or smoking status (never v. current). P values ,0·05 (two-tailed) were considered statistically significant. Analyses were performed using the Statistical Analysis System (version 9.1; SAS Institute, Inc., Cary, NC, USA). 
Results
Participants were 42 (SD 11) years old at baseline and 45 % were male. Women had a higher fruit and vegetable consumption, had a lower educational level, used alcohol less often and used dietary supplements more often than men (Table 2) . Women had a lower intake of energy and dietary fibre, but a higher intake of vitamin C and flavonoids than men. Participants had an average daily fruit and vegetable intake of 378 (SD 193) g/d. The largest contributors to total fruit and vegetable consumption were white (36 %) and orange/ yellow (29 %) fruit and vegetables (Table 1 ). The most commonly consumed items in the white fruit and vegetable range were hard fruits (55 %). Orange/yellow fruit and vegetables comprised citrus fruits (78 %) and deep orange fruit and vegetables (22 %). Green fruit and vegetables consisted of several vegetable subgroups, e.g. cabbages (18 %), dark leafy vegetables (15 %) and lettuces (13 %), and other green fruit and vegetables (54 %). Red/purple fruit and vegetables comprised red vegetables (59 %) and berries (41 %). Spearman's correlation coefficients between fruit and vegetable colour groups ranged from 0·38 for green v. orange/yellow fruit and vegetables to 0·60 for orange/yellow v. white fruit and vegetables.
After a median follow-up of 10·5 (interquartile range 9·2-11·8) years, we documented 245 incident CHD events, which comprised 211 non-fatal cases of AMI and thirty-four fatal cases of CHD. After adjustment for lifestyle and dietary factors, we observed for each 25 g/d increase in the intake of the sum of green, orange/yellow, red/purple and white fruit and vegetables a borderline significant association with incident CHD (HR 0·98; 95 % CI 0·97, 1·01; Table 3 ). No clear associations were found between intake of the four fruit and vegetable colour groups separately and incident CHD.
In addition, we analysed the subgroups of fruit and vegetables as proposed by Pennington & Fisher (22) . After adjustment for lifestyle and dietary factors, continuous analysis per 25 g/d increase in the intake of deep orange fruit and vegetables was inversely associated with CHD (HR 0·74; 95 % CI 0·55, 1·00; Table 4 ). Carrots were the largest contributor to deep orange fruit and vegetables (60 %). Each 25 g/d increase in the intake of carrots was associated with a 32 % lower risk of CHD (HR 0·68; 95 % CI 0·48, 0·98), whereas each 25 g/d increase in the intake of the sum of the other fruit and vegetable subgroups was weakly associated (HR 0·99; 95 % CI 0·97, 1·01). The consumption of the other fruit and vegetable subgroups was not associated with CHD (Table 4) . We evaluated whether physical activity was a potential confounder for the sum of green, orange/yellow, red/purple and white fruit and vegetables with incident CHD for participants enrolled from 1994 onwards (n 15 433). HR for each 25 g increase of all fruit and vegetable colour groups was 0·97 (95 % CI 0·95, 0·99) and remained similar when physical activity was added to the model (HR 0·97; 95 % CI 0·95, 1·00).
Discussion
In the present study, we observed that consumption of the four fruit and vegetable colour groups together was weakly related to a lower risk of CHD. A more detailed analysis of fruit and vegetable subgroups, as defined by Pennington & Fisher (3, 22) , showed that deep orange fruit and vegetables and their largest contributor, carrots, were strongly associated with a lower risk of incident CHD. The inverse relationship of consumption of fruit and vegetable colour groups with incident CHD was attenuated after adjustment for potential confounders.
A major strength of the present study is the almost complete follow-up for CHD mortality. With respect to non-fatal events, it was shown on the national level that data from the Dutch hospital discharge register can be uniquely matched to an individual for at least 88 % of the hospital admissions (39) . In a validation study, 84 % of the AMI cases in the cardiology information system of the University Hospital Maastricht corresponded with AMI cases identified in the hospital discharge register (40) . Mild AMI cases where hospitalisation was not necessary may have been missed, but we expect this to be random and not to be related to fruit and vegetable intake. It is unlikely, therefore, that this has influenced the relationship of fruit and vegetable colour groups with CHD incidence.
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A more detailed analysis of fruit and vegetable colour groups defined by Pennington & Fisher (3, 22) showed that intake of deep orange fruit and vegetables was associated with a lower risk of incident CHD. Carrots, the primary source of deep orange fruit and vegetables (60 %), were inversely associated with incident CHD, while the intake of the remaining fruit and vegetables was not related. This suggests that the lower CHD risk of total fruit and vegetable intake could be driven by the strong inverse association of carrots, which, is consistent with findings of previous studies with fatal CHD (17) and fatal CVD (6, 15, 18) as endpoints. Carrots are a rich source of carotenoids (3, 30) . Recently, it has been found that serum a-carotene concentrations were inversely associated with IHD mortality among US adults (43) . Circulating carotenoids were also inversely associated with markers of inflammation, oxidative stress and endothelial dysfunction (44) and may protect against early atherosclerosis (45, 46) . This suggests that carotenoids may lower CHD risk through different pathways.
In conclusion, we found that consumption of the sum of all four fruit and vegetable colour groups was weakly inversely related to CHD. A more detailed analysis of different colour groups showed that a higher intake of deep orange fruit and vegetables, especially carrots, may protect against incident CHD. Prospective cohort studies with a larger number of cases are needed to replicate these findings.
